The Medoff sliding plate (MSP) was developed for the treatment of intertrochanteric and high subtrochanteric fractures in order to reduce the incidence of postoperative failure of fixation.
The Medoff sliding plate (MSP) was developed for the treatment of intertrochanteric and high subtrochanteric fractures in order to reduce the incidence of postoperative failure of fixation. 1, 2 The addition of a second sliding function along the axis of the femoral shaft was designed to provide optimal stress transmission over the area of the fracture and to facilitate impaction to a more stable configuration. More efficient elimination of bone deficit in the comminuted region of the fracture may, however, result in increased femoral shortening compared with fixation by a sliding hip screw. We have therefore compared in a randomised study the MSP with the compression hip screw (CHS) by assessing the outcome of fracture fixation and the amount of femoral shortening in different types of intertrochanteric fracture.
Patients and Methods
The MSP (Medpac, Valencia, California) has a proximal barrel which accommodates the lag screw, similar to a standard sliding hip screw. The barrelled side plate has a sliding element and is attached to the femoral shaft by four converging screws (Fig. 1) . A maximum slide of 25 mm along the axis of the femoral shaft is possible. There must be distal enlarging of the entry hole of the plate barrel, otherwise the latter will impinge on the intact lateral cortex and sliding of the plate will be prevented. We compared the MSP with a four-hole Richards classic CHS (Smith and Nephew, Memphis, Tennessee). Between November 1998 and October 1999, all consecutive patients who sustained an intertrochanteric fracture of the hip were included in the study. We excluded patients who had had earlier surgery of the ipsilateral femur or who had pathological fractures. The study was approved by the Ethical Committee. After informed consent from the patient or from relatives if the patient suffered from dementia, randomisation was achieved by the drawing of an unseen card specifiying the method of fixation to be used. Three patients were excluded after randomisation, one with a combined cervical and intertrochanteric fracture, and two with combined inter-and subtrochanteric fractures. The operations were carried out by 22 surgeons, with 54 patients of mean age 84 years (62 to 98) receiving the MSP, and 60 of mean age 84 years (61 to 96) the CHS. Prophylactic anticoagulant therapy with subcutaneous Enoxaparin (40 mg daily) was begun before the operation and continued until the patient was mobilised. Intravenous antibiotic therapy (cefuroxime 1500 mg) was given intraoperatively with one subsequent dose after 24 hours. After operation all patients were allowed immediate weightbearing as tolerated.
The level of haemoglobin before and within three days of operation and the number of units of packed red cells given in this time were recorded. The operating time, intraoperative bleeding, any deep-venous thromboses as verified by phlebography, pulmonary embolism as verified by pulmonary scintigraphy and wound infections were also noted. Four months after the operation, the patients were assessed clinically and questioned about residential status and walking capacity.
Anteroposterior (AP) and lateral radiographs of the injured hip and an AP view of the pelvis were obtained. Radiological examinations of the hip were repeated postoperatively. At four months, radiographs of both femora, parallel in extension and parallel to the film cassette, were obtained. During all radiological examinations, efforts were made to keep the proximal femur in neutral rotation. The fractures were classified according to Jensen and Michaelsen 3 (Fig. 2) . Type-III (lack of lateral support), type-IV (lack of medial support) and type-V (lack of lateral and medial support) fractures were considered to be unstable. The postoperative radiographs were evaluated for positioning of the device. Femoral shortening was determined by measuring the distance from the top of the femoral head to the centre of a line drawn between the most distal part of the medial and lateral femoral condyles. The uninjured contralateral femur was used as the control. In 19 patients the femoral length could not be determined on both sides because of a previous contralateral fracture of the hip, previous replacement of the hip or knee or inability of the patient to co-operate in the radiological examination with both legs in the parallel position. Instead, fixed reference points on the main proximal and distal fragments were used and compared with the contralateral hip on the initial pelvic radiograph. Estimations of the plate/barrel angle and the length of the barrel on the radiograph were used to assess femoral rotation on the postoperative and the four-month radiographs. Migration of the lag screw was estimated by dividing the femoral head into four quadrants by two perpendicular lines on both the AP and lateral views. The position of the tip of the device was then compared on the first postoperative and the four-month radiographs. Movement of 3 mm or more was considered to represent migration. Medialisation of the femoral shaft was determined by measuring the femoral diameter at the level of the inferior aspect of the lesser trochanter, and was expressed as the fraction of overlapping of the proximal and distal medial cortices at the level of the fracture. Varus angulation was estimated by determining the angle between a line drawn through the centre of the femoral head and neck and a line parallel to the femoral shaft. The intact contralateral hip on the initial pelvic radiograph, or when available, previous radiographs of any of the hips, served as reference. If the contralateral hip was not intact or if the femoral rotation on the two sides was not considered to be similar, varus angulation could not be determined. An estimated reduction The MSP with sliding capacity along both the axis of the femoral neck and along the femoral shaft. The sliding function along the femoral neck with the Medoff sliding plate and with the compression hip screw is similar. in the angle of greater than 5° was considered to represent varus angulation.
For sliding of the lag screw, we measured the distance from the tip of the screw to the proximal end of its barrel on the postoperative and four-month radiographs. If the femoral rotation appeared to be different, adjustment was made by measuring the relative length of the barrel of the plate on the two radiographs. Sliding of the MSP plate was estimated by measuring the length of the protruding distal end of the sliding element on the four-month radiograph. Failures of fixation after operation, defined as superior cutout or penetration of the femoral head by the lag screw, or breakage or loosening of the implant, were recorded. Radiological assessment of femoral shortening, migration of the lag screw, medialisation of the femoral shaft and varus angulation was made on the final films before a secondary procedure if this was undertaken within four months of the primary operation. A correction for an estimated magnification of 15% was made for measurements on all radiographs. Repeated measurements of femoral length were made on the radiographs of ten patients, to assess interobserver variability.
A sample size of 120 patients was estimated as necessary to detect a difference of 30% of an expected mean femoral shortening of 12 mm, assuming a standard deviation of 20% of an expected range of 0 to 30 mm (␣0.05, power 80%). The estimate of the number of patients needed compensated for the expected relationship between stable and unstable fractures, for an expected number of patients lost to follow-up, and for an expected exclusion of a few patients because of the altered initial and final classification of the fracture.
Baseline characteristics were compared between the two groups and the mean values and standard deviations calculated. Comparisons were made by Fisher's exact test or by the odds ratio with 95% confidence intervals for proportions and by the Mann-Whitney U test for continuous variables. Normal distribution was assessed by the Kolmogorov-Smirnov goodness-of-fit procedure. A p value < 0.05 was considered significant.
Results
The baseline characteristics of both groups were similar (Table I) . Four months after the injury, 98 patients were alive and 90 of these had a complete radiological and clinical follow-up. The remaining eight patients were unable to attend because of poor general health. No deviations from the intended operative procedure were noted in either of the groups. The operating time was slightly longer (58 v 55 min) and the estimated intraoperative bleeding (225 v 200 ml) and the decrease in the level of haemoglobin within three days of surgery (33 v 30 g/l) were marginally larger in the MSP than in the CHS group, but were not statistically significant (Table II) . Both groups were similar in regard to the general postoperative complications, length of hospital stay and mortality, residential status and the need for a walking support after four months (Table II) .
The mean femoral shortening was larger for unstable (13 mm) than for stable (7 mm) fractures (p = 0.04). For stable fractures, there were no differences between the MSP and CHS groups, but for unstable fractures (Table  III) , the mean femoral shortening was 4 mm greater in the MSP than in the CHS group (p = 0.03). For Jensen and Michaelsen type-V fractures, the mean femoral shortening was 5 mm more (17 v 12 mm) in the MSP than the CHS group (p = 0.04). Comparisons of femoral shortening were also made including only patients in whom the complete bilateral femoral length had been measured. The differences between the MSP and CHS groups remained similar at the same level of significance. In the CHS group the distribution of femoral shortening was skewed, and a larger number of patients had a small degree of femoral shortening (p < 0.01). No similar asymmetry was noted in the MSP group. The occurrence of greater femoral shortening was similar in the two groups, with more than 15 mm in 17 patients in the MSP group and in 14 in the CHS group. For the one-third of patients with the most shortening in each group, the mean shortening was 26 mm in the MSP and 24 mm in the CHS group (p = 0.27). The repeated measurements of the lengths of 20 femora of ten patients varied from 0 to 1 mm. Migration of the lag screw and medialisation of the femoral shaft occurred more often and was more pronounced in the CHS than in the MSP group in unstable fractures, but the difference was not statistically significant (Table III) . For the one-third of patients with the most shortening, the mean medialisation was 12% for the MSP and 26% for the CHS group (p = 0.03) (Fig. 3) . Medialisation of more than 30% occurred in nine patients in the CHS group, but in no patients in the MSP group (p = 0.003). The occurrence and severity of varus angulation were similar in both groups (Table III) . For the one-third of patients with the most shortening varus angulation was observed in ten patients in the CHS and in five in the MSP group (p = 0.13).
Sliding of the lag screw was significantly greater in the CHS than in the MSP group in unstable fractures (Table  III) , but similar in stable fractures. Plate sliding in the MSP group was 10 mm for stable and 14 mm for unstable fractures (p = 0.19).
Five postoperative failures of fixation occurred in unstable fractures treated by the CHS (Table IV) , but in none with the MSP (p = 0.03). No divergence from the intended intraoperative procedure was documented for the five patients with postoperative failure of fixation.
Discussion
Intertrochanteric fractures occur in elderly people with poor bone quality, 4 and most are comminuted and unstable. 3, 5 Since early mobilisation is mandatory, the methods of fixation chosen must allow immediate weight-bearing. Early experiences with rigid devices in the fixation of unstable intertrochanteric fractures confirmed that attempts to maintain anatomical position increased the risk of the failure of fixation if the device prevented secondary compression of the fracture. 6, 7 A bone defect in the region of the fracture cannot be protected by the implant, which is then subjected to high loads. 8 Failures of fixation frequently follow uncontrolled impaction with migration of the implant or varus angulation because of bending or breakage of the device, or nonunion. With a sliding hip screw, stress transmission over the area of the fracture is improved, and the rate of failure of fixation is substantially decreased. 6 The medial cortex is still, however, partially unloaded, 9,10 and in prospective randomised studies, failure of fixation has occurred in 4% to 26% of cases.
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The direction of slide of the lag screw is usually 130° to 140° to the femoral shaft with a CHS. Depending on the geometry of the fracture, the efficacy of the impaction of the fracture provided by this mechanism may vary. It has been demonstrated that with a higher plate-to-barrel angle sliding is more effective, and that the sliding mechanism may be compromised if the lag screw is long relative to the length of the barrel. 17 Biaxial dynamisation allowed by the MSP with concurrent impaction ability aligned 135° and 180° to the femoral shaft, was designed to address the postulated clinical and experimental disadvantages of a sliding hip screw. Biomechanical tests have confirmed that stress transmission is better with biaxial dynamisation than when dynamisation is restricted to the axis of the femoral neck. 10, 18 The rate of postoperative failure of fixation has been lower with the MSP 2, 19 than that generally reported with a sliding hip screw. This conclusion was also drawn in the only randomised study 16 and we found a significantly lower rate of failure of fixation with the MSP compared with the CHS. There is now substantial evidence of the efficacy of the MSP in preventing failure of fixation after operation.
The influence of the facilitation of impaction of the main proximal and distal fragments on the subsequent femoral shortening has not previously been investigated. Our study showed that the mean excess shortening with the MSP compared with the CHS is marginally greater in unstable fractures. Pronounced femoral shortening was similar with both devices, but there was less medialisation of the femoral shaft with the MSP. A tendency for less migration and, in the most severe fractures, less varus angulation was also noted with the MSP. In the most unstable fractures, substantial impaction and shortening will occur irrespective of the method of fixation, but with biaxial dynamisation the process is more effectively controlled in terms of maintaining the alignment of the main proximal and distal fragments of the fracture. With the MSP, the sliding of the lag screw is partly replaced by sliding of the plate, which should involve less medialisation of the femoral shaft. Medialisation in excess of 30% implies a sevenfold increased risk of failure. 20 Our observations also suggest that medialisation is an important factor in the mechanisms which cause failure of fixation. The number of small femoral shortenings was larger in the CHS than in the MSP group, even for fractures classified as Jensen and Michaelsen type V. This suggests that some of the four-fragment fractures are stable enough to remain in the relative anatomical position when treated by the CHS, but the more effective impaction with the MSP produced moderate shortening. The classification system which we used did not identify inherently unstable fractures, and the stated consequences of medialisation of the femoral shaft suggest that the lateral support of the distal main fragment of the fracture may be a factor which is inadequately delineated by the Jensen and Michaelsen classification. Fractures which will impact substantially with a CHS have an increased risk of failure and would benefit from fixation with an MSP. On the other hand, fractures which would not impact appreciably with a CHS could have greater than necessary femoral shortening if treated with an MSP. It should be pointed out, however, that, apart from the stated arguments concerning secondary displacement of the fragments of the fracture, there is evidence to suggest that the consolidation process itself is enhanced by improved impaction. 21 The slightly longer operating time and marginally larger intraoperative bleeding for the MSP was explained by having to enlarge the plate barrel entry hole distally in the lateral cortex. We have used both the MSP and CHS since 1992 and therefore all surgeons were equally experienced with both methods. Our data should be representative of the actual differences between the two methods.
The residential status and walking capacity were similar at four months, in both groups. The functional relevance of the small difference in femoral shortening is uncertain. Leg-length discrepancy of less than 30 mm has little effect on the biomechanical conditions of the hip 22 and with leglength discrepancy of less than approximately 20 mm, no compensatory strategies in walking pattern are observed. 23 Most reports address treatment strategies for younger, otherwise healthy, patients, but there are few on the effects of post-traumatic leg-length discrepancy in the elderly. Gait disturbances are seen in all patients with a pronounced secondary collapse of the fracture with the sliding hip screw. 24 In unstable intertrochanteric fractures, a mean femoral shortening of 16 mm with the sliding hip screw and 10 mm with an intramedullary hip screw, was reported 25 and the latter group had higher mobility scores in the early postoperative period. Since a shoe-lift is a simple means of compensating for leg-length discrepancy when needed, the slightly larger mean femoral shortening with the MSP compared with the CHS, appears to be justified by the improved maintenance of alignment of the fracture and the reduction of the risk of failure of fixation. The prognosis for successful rehabilitation is poor when revision surgery is necessary after failure of fixation of a hip fracture. 26 Two of the patients in our study demonstrated the potential magnitude of this problem with severe problems following failure of their fixation. We chose follow-up at four months to maximise the number of patients available for radiological assessment of femoral shortening. With a later endpoint, the number of patients available would increase substantially, because of death and the difficulty of persuading some patients to attend. Several studies have shown that no further sliding with the MSP occurs after four months 2, 19, 27 and, with a sliding hip screw, progressive shortening may take place for up to 16 weeks after the operation. [28] [29] [30] Therefore, our chosen length of follow-up should allow for accurate estimate of the true femoral shortening. The incidence of nonunion could not be assessed in our patients. We confirm that biaxial dynamisation in unstable intertrochanteric fractures is a safe principle of treatment which minimises the rate of postoperative failure of fixation. The marginally larger mean femoral shortening with the MSP compared with the CHS is justified by the improved control of the impaction of the fracture and by the lessened risk of postoperative failure of fixation. Future studies should focus on functional outcome with the MSP compared with other methods, and on improved methods of classification to identify the fractures at risk of severe secondary impaction, thereby giving a guide to the most appropriate method of fixation.
